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Summary
Introduction.— According to Starling’s law, low serum colloid osmotic pressure related to
hypoproteinaemia is likely to modulate the pulmonary capillary hydrostatic pressure thresh-
old of pulmonary oedema formation. We therefore examined the clinical relevance of bedside
tissue Doppler echocardiography in the emergency diagnosis of new-onset heart failure with
normal ejection fraction (HFnlEF) according to serum protein concentration.
Methods.— A total of 105 consecutive elderly patients presenting with acute severe dyspnoea
were prospectively enrolled. B-type natriuretic peptide (BNP) concentration and spectral tissue
Doppler-derived septal E/E′ ratio were obtained at presentation. Serum protein concentrationconcentration
was measured immediately after clinical stabilization, with a value of less than 6 g/dL deﬁning
hypoproteinaemia.
Results.— The diagnostic performance of E/E′ was excellent in normoproteinaemic patients
(n = 71; area under the receiver-operating characteristic [ROC] curve 0.97; p < 0.001) and
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reasonable in hypoproteinaemic patients (n = 34; area under ROC curve 0.83; p < 0.001). By
multivariable logistic regression analysis, E/E′ provided independent and incremental diagnostic
information over the Boston score and BNP concentration in patients with a normal serum
protein concentration (p < 0.01). Critical elevation of pulmonary capillary pressure, deﬁned as
E/E′ > 15, was present in 93% of patients with HFnlEF and normoproteinaemia versus 55% of
patients with HFnlEF and hypoproteinaemia (p = 0.0017).
Conclusion.— Septal E/E′ > 15 is clinically relevant for the emergency diagnosis of new-onset
HFnlEF among elderly patients with normal serum protein concentration. Lower abnormal values
less than 15 should be considered predictive of this condition in the setting of hypoproteinaemia.
© 2008 Elsevier Masson SAS. All rights reserved.
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Résumé
Introduction.— La loi de Starling indique que la pression osmotique colloïde liée à
l’hypoprotéinémie modulerait la valeur seuil de la pression capillaire hydrostatique à
l’origine d’un œdème pulmonaire. Nous avons examiné la pertinence clinique de l’évaluation
au lit du patient par échocardiographie doppler tissulaire, pour un diagnostic urgent
chez deux patients ayant un premier épisode d’insufﬁsance cardiaque avec fraction
d’éjection ventriculaire gauche normale, en fonction de la concentration de la protidémie
sérique.
Méthode.— Cent cinq patients âgés, consécutifs, ayant une dyspnée aiguë sévère ont été inclus
de fac¸on prospective. La concentration de peptide natriurétique de type B (BNP) et le rap-
port E/E′ ont été obtenus à l’admission. La concentration de protides sériques a été mesurée
immédiatement après la stabilisation clinique avec une valeur inférieure à 6 g/dL déﬁnissant
l’hypoprotéinémie.
Résultat.— La performance diagnostique du rapport E/E′ est excellente chez les patients ayant
une normoprotéinémie (n = 71 ; surface sous la courbe ROC 0,97 ; p < 0,01) et correcte chez les
patients ayant une hypoprotéinémie (n = 34 ; surface sous la courbe ROC 0,83 ; p < 0,01). Par
analyse multivariée (régression logistique), le rapport E/E′ est un prédicteur indépendant, en
sus de l’information diagnostique, déﬁni par le score de Boston et la concentration de BNP chez
des patients ayant une concentration normale de la protidémie sérique (p < 0,01). L’évaluation
de la pression artérielle pulmonaire bloquée (pression capillaire pulmonaire), déﬁnie par un rap-
port E/E′ supérieur à 15, était observée chez 93% des patients ayant une insufﬁsance cardiaque
avec fraction d’éjection ventriculaire gauche normale et une normoprotéinémie versus 55 %
chez les patients ayant une insufﬁsance cardiaque à fraction d’éjection ventriculaire gauche
normale ayant une hypoprotéinémie (p = 0,0017).
Conclusion.— Le rapport E/E′ supérieur à 15 permet un diagnostic clinique satisfaisant lors de
la prise en charge initiale des patients âgés ayant un premier épisode d’insufﬁsance cardiaque
à fraction d’éjection ventriculaire gauche normale ayant une concentration de la protidémie
sérique normale. Les valeurs du rapport E/E′ inférieur à 15 devraient être considérées comme
prédictives de cet état hémodynamique en présence d’une hypoprotéinémie.
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ntroduction
cute shortness of breath is a frequent cause of emer-
ency hospital admission in developed countries. Rapid and
ccurate diagnosis of acute congestive heart failure (HF)
s essential to target therapy at presentation, especially
or elderly patients with severe symptoms at high risk for
dverse hospital outcome [1,2].
The clinical diagnosis of acute HF syndromes is challeng-
ng in the emergency care setting [3] and usually requires
dditional diagnostic methods such as B-type natriuretic
eptide (BNP) and bedside Doppler echocardiography [4,5].
n this respect, noninvasive evidence of a left ventricular
LV) ejection fraction less than 40—50% readily identiﬁes
ongestive HF [4] and spectral tissue Doppler echocardio-
raphy, a widespread noninvasive technique for assessing LV
g
n
s
prights reserved.
iastolic pressures in daily practice, provides incremental
iagnostic information in patients with preserved LV systolic
unction [4]. However, there is experimental [6,7] and clin-
cal [8,9] evidence that low serum colloid osmotic pressure
elated to hypoproteinaemia plays a role by favouring pul-
onary congestion at a less increased pulmonary capillary
ressure. Accordingly, we hypothesized that serum protein
oncentration is likely to inﬂuence the clinical interpreta-
ion of tissue Doppler results in elderly patients hospitalized
or suspected HF at high risk for presenting with such a
omorbidity. The aim of the present study was to examine
he clinical relevance of bedside tissue Doppler echocardio-
raphy in the emergency diagnosis of new-onset HF with
ormal ejection fraction (HFnlEF) in elderly patients pre-
enting with acute severe dyspnoea according to serum
rotein concentration.
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Methods
Patients
A total of 105 consecutive elderly patients who referred
to our institution for acute severe dyspnoea (NYHA class
IV) were prospectively enrolled after informed consent had
been obtained. Exclusion criteria were as follows:
• age less than 65 years (n = 23);
• history of congestive HF (n = 63);
• LV ejection fraction less than 50% (n = 27);
• arrhythmias other than permanent atrial ﬁbrillation
(n = 6);
• paced-rhythm (n = 4);
• left bundle branch block (n = 3);
• moderate to severe left-sided valve disease (n = 6);
• unstable angina and acute myocardial infarction with ST
elevation (n = 5).
A blood sample was taken at presentation to measure
BNP concentration. The patients underwent bedside Doppler
echocardiography, at presentation at the time of therapy
initiation.
At discharge, two cardiologists and one chest physi-
cian, both blinded to the results of BNP and tissue Doppler
echocardiography, established either a HFnlEF or a non-
cardiac cause as the primary origin of acute shortness of
breath, according to the data collected at admission and
during hospitalization, which included the clinical response
to appropriate medical therapy. In particular, complete
relief of symptoms under intravenous diuretics with or with-
out nitrates was a necessary condition for the diagnosis of
HFnlEF at discharge. Data collected at presentation by a
senior emergency physician were analysed retrospectively
by a cardiologist to calculate the Boston score for congestive
HF [10]. This score is based on symptoms (0—4 points), phys-
ical examination (0—4) and chest radiography (0—4) [10].
Since all of the patients presented with dyspnoea at rest (4
points), their score ranged from 4 to 12.
Laboratory measurements
Plasma BNP concentration was measured at our institution’s
laboratory with a Triage Meter Plus® system, a point-of-
care test based on ﬂuorescence immunoassay (Biosite Inc.,
San Diego, California; range: 5—5000 pg/mL). The middle
range was deﬁned as concentrations ranging from 100 to
400 pg/mL [11]. Serum protein concentration was mea-
sured using the reﬂectometry method, with a Vitros 950®
system (Johnson & Johnson Clinical Diagnostics Inc., New
York, USA), once clinical stabilization had been achieved
(one to two days after admission) to avoid either haemo-
concentration or volume overload at the acute phase [8].
Hypoproteinaemia was deﬁned as a value of less than 6 g/dL.
Serum sodium, creatinine and haematocrit were measured
from the same blood sample after clinical stabilization.Bedside tissue Doppler echocardiography
An Aloka SSD 5500 PHD® ultrasound system (Aloka Co. Ltd.,
Tokyo, Japan) with a 2.5MHz harmonic transducer was used
to perform all Doppler echocardiography studies at the bed-
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ide by an experienced cardiologist who was blinded to the
ata. LV ejection fraction was measured using Simpson’s
iplane method. Teichholz’s method was used in associ-
tion with a visual estimate in patients with inadequate
wo-dimensional images in apical views. Peak early and late
iastolic mitral velocities (E and A, cm/s) and the deceler-
tion time of mitral early ﬁlling (DTE, ms) were recorded
lacing the pulsed-wave Doppler sample volume between
he tips of the mitral leaﬂets. The sample volume was then
laced at the septal side of the mitral annulus and the peak
arly diastolic velocity (E′, cm/s) measured by spectral tis-
ue Doppler [4]. Optimal Doppler gain and ﬁlter settings
ere carefully adjusted to avoid under- or overestimation
f spectral peak E, A and E′ velocities. Three consecutive
eats were averaged for all Doppler parameters in sinus
hythm and ﬁve in atrial ﬁbrillation. The septal E/E′ ratio
as calculated for each patient and used a noninvasive
wan-Ganz catheter regardless of rhythm [12,13]. A value
reater than 15 for septal E/E′ was used as a hallmark of
ritical increase in pulmonary capillary pressures greater
han 18—20mmHg [12—15]. Numerical images from 10 con-
ecutive patients were stored and analysed ofﬂine by the
perator and a second cardiologist. Intra- and interobserver
ariability for E/E′ was 4%± 6 and 7%± 8, respectively.
he restrictive mitral ﬁlling pattern was deﬁned as pre-
iously proposed by Logeart et al. (E/A ratio > 2 and/or
TE < 130ms) [5].
tatistical analysis
escriptive data are given as mean± standard deviation.
ntergroup comparison used the analysis of variance test,
he chi-square test, Fisher’s exact test with bilateral
ormulation and the Mann—Whitney test. The diagnostic per-
ormance of the Boston score, BNP and E/E′ for predicting
FnlEF was assessed by univariate and multivariable logis-
ic regression analyses. Log-transformed data were used for
NP concentrations in the logistic regression model. The
iagnostic performance was also evaluated using the area
nder the receiver-operating characteristic (AUC) curve,
hich is provided with its 95% conﬁdence interval (CI). The
ptimal cut-off corresponded to the value with the greatest
ccuracy. A p-value less than 0.05 was considered statisti-
ally signiﬁcant.
esults
he diagnosis at discharge was HFnlEF in 51 patients, 31
f whom had a normal serum protein concentration and a
on-cardiac cause in 54 patients, 40 of whom had a normal
erum protein concentration. The ﬁnal diagnosis was acute
xacerbation of chronic pulmonary disease in 25 patients
ith a non-cardiac cause, pulmonary infectious disease in
2, acute pulmonary embolism in four and lung cancer in
hree.
The baseline clinical characteristics of the study popula-
ion are listed in Table 1 according to diagnosis at discharge
nd serum protein concentration. The mean delay between
resentation and Doppler echocardiography was 0.7± 1.3 h,
ithout non-signiﬁcant difference, according to the ﬁnal
iagnosis (p = 0.4).
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Table 1 Baseline characteristics of patients at presentation according to the diagnosis at discharge.
Normal serum protein
concentration≥ 6 g/dL
Decreased serum protein
concentration < 6 g/dL
Variable Heart failure
(n = 31)
Non-cardiac
(n = 40)
Heart failure
(n = 20)
Non-cardiac
(n = 14)
Age (years) 82± 6 80± 7 84± 6 78± 10
Women (%) 21 (68) 20 (50) 13 (65) 8 (57)
Sinus rhythm (%) 23 (74) 29 (72) 14 (70) 11 (79)
Systolic blood pressure
(mmHg)
168± 28a 145± 25 142± 31b 130± 20
Heart rate (beats/min) 89± 23 87± 16 94± 20 92± 13
Body mass index (kg/m2) 25± 5 25± 5 26± 7 27± 8
Left ventricular ejection
fraction (%)
64± 7 66± 8 61± 10 68± 9
Boston score 10± 1.6a 7.2± 2.2 9.7± 1.6c 7.1± 2.5
Lung crackles or
wheezing (%)
24 (81)a 20 (50) 18 (90)c 3 (21)
Venous pressure
elevation (%)
10 (32)a 4 (10) 5 (25) 6 (43)d
Interstitial and/or
alveolar radiographic
pulmonary oedema (%)
26 (84)a 11 (27) 14 (70)c 3 (21)
B-type natriuretic
peptide concentration
(pg/mL)
401
[257—625]a
103 [45—298] 995
[643—2150]b,c
140 [102—327]
Serum protein
concentration (g/dL)
6.8± 0.4 6.6± 0.4 5.4± 0.4b 5.5± 0.4d
Septal E/E′ ratio 20
[17.1—23.5]a
11 [8.5—12.5] 15.7
[12—20.3]b,c
8.8 [7.5—12]
Restrictive mitral ﬁlling
(%)
12 (39)a 4 (10) 4 (20) 0 (0)
History of coronary
artery disease (%)
8 (26) 6 (15) 5 (25) 4 (28)
History of hypertension
(%)
23 (74)a 16 (40) 11 (55) 9 (64)
History of chronic
pulmonary disease (%)
6 (19)a 21 (52) 2 (10)c 7 (50)
History of diabetes
mellitus (%)
6 (19) 6 (15) 7 (35) 5 (36)
Chronic diuretic therapy
(%)
18 (58)a 12 (30) 6 (30) 7 (50)
Haematocrit (%) 35± 6 38± 5 33± 4 34± 6d
Serum sodium (mmol/L) 139± 4 139± 4 138± 6 137± 4d
Creatinine clearance
(mL/min)
44± 18a 59± 26 38± 23c 67± 33
Mean± S.D. or median (25th to 75th percentiles) when appropriate.
a p < 0.05 for patients with normal serum protein concentration, heart failure versus non-cardiac cause.
b p < 0.05 for patients with heart failure, low versus normal serum protein concentration.
c p < 0.05 for patients with low serum protein concentration, heart failure versus non-cardiac cause.
d p < 0.05 for patients with non-cardiac cause, low versus normal serum protein concentration.
l
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aBy regression analysis performed in patients with HFn-
′EF, E/E was predicted by serum protein concentration
p = 0.0026; Fig. 1), but not by age, sex, systolic blood
ressure, rhythm, heart rate, LV ejection fraction, serum
aematocrit or serum creatinine (p > 0.1 for all). None of
hese variables was found to predict E/E′ in patients with
t
f
r
t
inon-cardiac cause of dyspnoea (p > 0.1 for all). Hypopro-
einaemia, evidenced after clinical stabilization to avoid
alse-positives related to volume overload, was mainly
elated to severe chronic malnutrition in 47% of patients and
o severe sepsis (C-reactive protein greater than 100mg/L)
n 53%.
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Figure 1. Scatter plot of relationship between E/E′ and serum
protein concentration in patients with heart failure and nor-
mal ejection fraction. Solid circles correspond to patients with
B-type natriuretic peptide (BNP) greater than 200 pg/mL (E/E′
range: 8—30), open circles correspond to patients with BNP less
than 200 pg/mL (E/E′ range: 13.4—20.6). According to the Euro-
pean Society of Cardiology (ESC) recommendations, evidence
of E/E′ > 15 and/or a BNP greater than 200 pg/mL associated with
E/E′ > 8 deﬁnes HFnlEF in the setting of signs or symptoms of heart
failure and left ventricular ejection fraction greater than 50% (16).
tivity 97%, speciﬁcity 92%; Fig. 2); E/E′ > 15 was 93% sensitive
and 92% speciﬁc.
Twenty-seven patients had BNP levels in the middle
range, 13 of whom had a diagnosis of HFnlEF at discharge.
E/E′ was a good predictor of HFnlEF in this subset of patients
(OR 1.65, 95% CI 1.15—2.37; p = 0.007) with an optimal cut-
off value of 14.4 (AUC 0.91, 95% CI 0.74—0.98; p < 0.001,
sensitivity 92%, speciﬁcity 79%); E/E′ > 15 was 85% sensitive
and 79% speciﬁc.
As shown in Fig. 1, when European Society of Cardi-
ology (ESC) recommendations were tested in all patients
with normal protein levels to conﬁrm the diagnosis of HFn-
lEF established at discharge, BNP greater than 200 pg/mL
offered incremental information over tissue Doppler only in
one of the two patients with E/E′ ≤ 15 [16]; the overall sen-
sitivity and speciﬁcity in the diagnosis of HFnlEF were 97
and 70%, respectively, for the presence of one of the fol-
lowing criteria, E/E′ > 15 or 8 < E/E′ ≤ 15 associated with BNP
greater than 200 pg/mL [16].
Diagnostic accuracy of E/E′ in patients with
low serum protein concentration
Boston score (p = 0.005), BNP (p = 0.0022) and E/E′ (p = 0.008)
were univariate predictors of HFnlEF in patients with
hypoproteinaemia. However, E/E′ did not offer indepen-
dent diagnostic information over the Boston score and BNP
(p > 0.1). The optimal cut-off value for E/E′ was 10.9 (AUC
0.83, 95% CI 0.66—0.93; p < 0.001, sensitivity 85%, speciﬁcity
71%; Fig. 3). Over half (55%) of the patients with HFn-
lEF and hypoproteinaemia had E/E′ > 15 (for a speciﬁcity of
86%) compared with 93% of patients with HFnlEF and normal
serum protein concentration (p = 0.0017).
Figure 2. Area under the receiver-operating characteristic curve
(AUC) evaluating the performance of the septal E/E′ ratio for the
diagnosis of new-onset heart failure with normal ejection frac-
tion in patients with normal serum protein concentration. The E/E′Using the combination of these two criteria, 90% of patients with
hypoproteinaemia had conﬁrmed HFnlEF according to the ESC con-
sensus compared with 97% of patients with normoproteinaemia.
Accuracy of diagnostic variables in overall
population
By logistic regression analysis, Boston score (odds-ratio [OR]
1.9, 95% CI 1.5—2.4; p < 0.001), BNP (OR 15, 95% CI 5—47;
p < 0.001) and E/E′ (OR 1.5, 95% CI 1.3—1.8; p < 0.001) were
univariate predictors of HFnlEF. By multivariable stepwise
logistic regression analysis, Boston score (p = 0.017), BNP
(p = 0.0032) and E/E′ (p < 0.001) independently predicted
HFnlEF. The optimal cut-off value for E/E′ was 13.3 (AUC
0.90, 95% CI 0.83—0.95; p < 0.001, sensitivity 88%, speciﬁcity
85%); E/E′ > 15 was 78% sensitive and 91% speciﬁc.
Thirty-eight patients had BNP levels in the middle range
(inconclusive for the diagnosis; p = 0.1), 16 of whom had a
diagnosis of HFnlEF at discharge. E/E′ was a good predictor
of HFnlEF in this subset of patients (OR 1.5, 95% CI 1.2—1.9;
p = 0.0019) with an optimal cut-off value of 12.6 (AUC 0.88,
95% CI 0.83—0.95; p < 0.001; sensitivity 94%, speciﬁcity 77%);
E/E′ > 15 was 81% sensitive and 82% speciﬁc.
Diagnostic accuracy of E/E′ in patients with
normal serum protein concentration
Boston score (OR 2, 95% CI 1.4—2.8; p < 0.001), BNP (OR
11.9, 95% CI 3.2—45; p < 0.001) and E/E′ (OR 2.2, 95% CI
1.5—3.2; p < 0.001) were univariate predictors of HFnlEF in
patients with normal serum protein concentration. By step-
wise regression analysis, including Boston score, BNP and
E/E′, the Boston score (p = 0.038) and E/E′ (p < 0.001) inde-
pendently predicted HFnlEF. The optimal cut-off value for
E/E′ was 14.8 (AUC 0.97, 95% CI 0.90—0.99; p < 0.001; sensi-
performed well in differentiating heart failure from non-cardiac
causes of acute dyspnoea, with an AUC of 0.97 (95% CI 0.90—0.99;
p < 0.001). The optimal cut-off value was 14.8, with a sensitivity of
97% and a speciﬁcity of 92%. The arrow indicates the optimal cut-off
value for E/E′.
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Figure 3. Area under the receiver-operating characteristic curve
(AUC) evaluating the performance of the septal E/E′ ratio for the
diagnosis of new-onset heart failure with normal ejection fraction
in patients with a low serum protein concentration. E/E′ performed
reasonably well in differentiating heart failure from non-cardiac
causes of acute dyspnoea, with an AUC of 0.83 (95% CI 0.66—0.93;
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relevant for the diagnosis of HFnlEF in acutely dyspnoeic< 0.001). The optimal cut-off value was 10.9, with a sensitivity of
5% and a speciﬁcity of 71%. The arrow indicates the optimal cut-off
alue for E/E′.
Eight patients with a non-cardiac cause and three with
FnlEF presented with BNP levels in the middle range:
/E′ > 10.9 was 100% sensitive and 62.5% speciﬁc for the
iagnosis of HFnlEF, which did not achieve a statistically
igniﬁcant result (p > 0.05).
As shown in Fig. 1, when the ESC recommendations
ere tested in all patients with hypoproteinaemia to con-
rm the diagnosis of HFnlEF at discharge, BNP greater
han 200 pg/mL offered incremental information over tissue
oppler in seven of the nine patients with E/E′ ≤ 15 [16]; the
verall sensitivity and speciﬁcity in the diagnosis of HFnlEF
ere 90 and 64%, respectively, for the presence of one of the
ollowing criteria, E/E′ > 15 or 8 < E/E′ ≤ 15 associated with
NP greater than 200 pg/mL [16].
iscussion
urrently, Doppler echocardiography is regarded as the sin-
le most useful diagnostic test for assessing LV ejection
raction and cardiac abnormalities in patients referred for
uspected congestive HF. Numerous clinical studies have
stablished the usefulness of the spectral tissue Doppler-
erived E/E′ for the diagnosis of congestive HF, as well
s for risk stratiﬁcation in multiple clinical settings. This
s due, at least in part, to the reasonable accuracy of
/E′ as a noninvasive surrogate for LV diastolic pressure
n patients with cardiac disease [4]. Noninvasive assess-
ent of LV diastolic pressures offers the ability to establishhe cause-and-effect relationship of structural heart disease
ith symptoms and signs compatible with the diagnosis of
F, especially for patients with normal LV ejection fraction
4]. Septal E/E′ > 10 at rest or during exercise is inde-
p
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c
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endently associated with reduced exercise performance
17—19] and a value greater than 13 reliably predicts HFn-
EF in the acute setting [4]. Tissue Doppler evidence of
asal or exercise-induced pulmonary capillary hypertension
s recommended as a hallmark of HFnlEF irrespective of clin-
cal presentation [4,16,20]. Furthermore, septal E/E′ > 15
s associated with high risk of adverse cardiovascular out-
ome in the setting of structural heart disease irrespective
f rhythm and LV systolic function [21—23], in the setting of
cute myocardial infarction [24,25] and chronic congestive
F [26]. Consequently, establishing relevant cut-off values
or E/E′ according to clinical setting is of critical importance
n appropriately interpreting tissue Doppler results in daily
ractice.
In the present study, spectral tissue Doppler echocar-
iography provided useful information for the diagnosis
f new-onset HFnlEF in the acute care setting. A criti-
al increase in hydrostatic pulmonary capillary pressures
reater than 18—20mmHg is regarded as the main haemo-
ynamic condition that characterizes acute HF syndromes
27,28]. We observed such critically elevated pulmonary
apillary pressures, well deﬁned by a spectral tissue
oppler-derived E/E′ > 15, in 93% of patients with HFnlEF
nd a normal serum protein concentration; further, tis-
ue Doppler echocardiography was able to offer additional
iagnostic information over intermediate, inconclusive BNP
oncentrations in this subset of patients. Conversely, when
he ESC criteria were applied [16], the combination of BNP
nd E/E′ slightly increased the sensitivity in establishing
FnlEF compared with E/E′ alone (93—97%), but speciﬁcity
as substantially lower (70% versus 92%). Consistent with
revious clinical studies [8,9,29—31], critical increase in
lling pressures was not observed in about half of the
atients with HFnlEF and hypoproteinaemia. Such a result
onﬁrms that low plasma oncotic pressure due to hypopro-
einaemia is likely to favour pulmonary congestion at less
ncreased pulmonary capillary pressures [6—8]. Spectral tis-
ue Doppler was still able to differentiate HFnlEF from
on-cardiac causes of acute dyspnoea with reasonable accu-
acy in patients with low serum protein concentration. The
bserved optimal cut-off value of 10.9 is consistent with
bnormal LV diastolic ﬁlling and exercise intolerance related
o diastolic dysfunction in stable patients [17—19]. When
he ESC criteria were used [16], the combination of BNP
ith E/E′ substantially improved the detection of HFnlEF
ompared with E/E′ alone (55—90%), but the speciﬁcity was
igniﬁcantly lower (64% versus 86%). BNP therefore appears
o be a helpful additional diagnostic complement to tissue
oppler in this setting, assuming the relatively worse con-
equences of failing to treat false-negative patients than of
reating those who are false-positive.
Hypoproteinaemia is a common comorbid condition in
rail, elderly patients and is related primarily to malnutri-
ion and inﬂammation [31]. Taking into consideration that
erum protein concentration is likely to improve the clinical
nterpretation of tissue Doppler in elderly patients with sus-
ected HFnlEF in daily practice, septal E/E′ > 15 is clinicallyatients with both normal LV ejection fraction and serum
rotein concentration. In patients with a low serum protein
oncentration, this haemodynamic condition may be absent
n a signiﬁcant proportion of cases; the diagnosis of HFnlEF
set
[
[
[
[
[
[
[
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[Tissue Doppler echocardiography for the diagnosis of new-on
should be carefully considered in the setting of interme-
diate values for E/E′. In addition to BNP, further studies
will address the usefulness of left atrial enlargement as
well as the analysis of pulmonary venous ﬂow as diagnos-
tic complements to an intermediate E/E′ ratio in patients
with suspected HFnlEF and hypoproteinaemia [16].
Limitations of the study
The main limitation of this prospective, single-centre
study is the small number of patients, especially those
with hypoproteinaemia. Nevertheless, the population was
homogeneous and signiﬁcant results have been achieved.
HFnlEF is acknowledged to affect primarily older patients
[32] and we speciﬁcally addressed the imbalance of Star-
ling’s forces in such patients with acute severe symptoms
because of speciﬁc therapeutic and prognostic issues [1,2].
Hypoproteinaemia is far less common in young patients and
pulmonary congestion of cardiac origin is related mainly to a
critical increase in hydrostatic pulmonary capillary pressure
in this setting [33]. It is of high clinical importance to high-
light that our results cannot be extrapolated to patients in
NYHA class II—III, since critical increases in pulmonary cap-
illary pressures may be unmasked only during exercise in
this setting [15,19]. Further studies will therefore delineate
the clinical relevance of serum protein determination in
stable patients with symptoms on exertion, along with pul-
monary capillary hypertension at rest and/or during exercise
[34]. E/E′ was measured at the septal side of mitral annulus
because this method has been validated in sinus rhythm as
well as in permanent atrial ﬁbrillation with similar results
[4,9,12,13] and is extensively used in the setting of HFnlEF
[35].
Conclusion
Septal E/E′ offers the ability to provide useful information at
the bedside for the diagnosis of new-onset HFnlEF in elderly
patients hospitalized for acute severe dyspnoea. However,
while the standard cut-off value of 15 for E/E′, which well
deﬁnes critical elevation in LV ﬁlling pressures, is clinically
relevant for patients with normal serum protein concentra-
tion, lower abnormal values should be strongly considered
predictive of HFnlEF in the setting of hypoproteinaemia.
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